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Abstract 
We present a planar nanogap structure with heterogeneous metal electrodes separated by a distance of tens of 
nanometers. This asymmetric nanodevice is meant for metal/molecule/metal transport analysis. The heterogeneous 
aspect of the metal electrodes is meant to trigger the assembly orientation of selected molecules across the gap. With 
E-beam overlay technique and double-layer passivation, the structure has a well-defined and reproducible gap and 
shows good chemical durability and dielectric properties. 
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1. Introduction 
Integration of single molecules in electronic circuits as functional units and the assessment of their 
electro-mechanical properties raise intense interest. Nanogap structures are widely used to realize 
metal/molecule/metal junctions in order to characterize the transport properties of individual molecules 
for future molecular electronic devices [1]. Many approaches such as mechanical break junctions [2], 
electromigration [3], electrochemical deposition [4], E-beam lithography [5] and shadow mask 
evaporations [6] have been employed to realize these structures.   
While most published work focuses on symmetrical nanogap structures, heterogeneous nanogaps, 
where the two electrodes are made of different metals, have some additional advantages: asymmetrically 
tailored molecules with custom-made anchoring groups can be attached with a controlled orientation 
based on the distinct binding affinity to different metals. An illustration of the experiment is shown in 
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figure 1. The choice of different lead materials enables the selective alignment and binding of a wide 
range of functionalized molecules and nano-particle assemblies.  
In our research, we developed this heterogeneous structure, which has a gold electrode on one side and 
a platinum electrode on the other, separated by tens-of-nanometer distance. E-beam overlay techniques 
are employed in order to perfectly align gold / platinum electrodes in two subsequent metallization steps. 
To meet the insulation requirements in electrochemical experiments, the structure, except the electrode 
apexes, is covered with a dielectric layer. With E-beam overlay technique and double-layer passivation, 
the structure has a well-defined and reproducible gap and a good chemical durability.  
2. Device Fabrication 
The fabrication of this nanogap structure is realized at the wafer level using mix and match techniques. 
E-beam lithography (EBL) structures the critical areas, which require precise alignment of the two 
electrodes and well-controlled exposure of the apex. Traditional photolithography is performed to make 
periphery structures such as interconnection leads and contact pads. This mix and match technique 
provides an optimum tradeoff between precision and time budget. Figure 2 highlights the process steps. 
First, a 1000 Å thick Si3N4 layer is deposited by LPCVD on the silicon substrate to insure dielectric 
insulation from the bulk (Fig. 2a). 4% PMMA 950K resist diluted in anisole is spin-coated at 500 rpm for 
5 seconds, followed by 3500 rpm for 50 seconds. The left electrode and alignment marks are patterned by 
EBL with the dose of 250ȝC/cm2 at 20kV. Then the PMMA is developed with 1:3 methyl isobutyl 
ketone:isopropanol (MIBK:IPA) for 50 seconds. After that, 5 nm Cr and 50 nm Au is deposited onto the 
developed PMMA and structured by a lift-off process (Fig. 2b). After preparing the left electrode and 
alignment marks (Fig. 2c), new PMMA resist layer is spin-coated on the chip surface for the overlay 
Fig. 1.Schematic view of metal/molecule/metal junctions. 
Fig. 3. Nanogap array with patterned Al2O3 passivation 
layer. 
Fig. 2. Fabrication process for heterogeneous metal nanogaps. 
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exposure with the same parameters as before. Automated alignment procedures are used to scan the three 
previously structured gold marks and expose the right electrode design. After that, 5 nm Cr and 50nm Pt 
metallization and lift-off are performed to form the right electrodes (Fig. 2d). 
LOR resist (MicroChem) is used as a sacrificial layer to pattern the interconnection leads that connect 
to the nanogap electrodes. After exposure and development, 5 nm Cr and 100 nm Pt layer was deposited 
on the resist (Fig. 2e) and lifted-off with MicroChem Remover PG (Fig. 2f). A combination layer of 50 
nm Al2O3 and 150 nm SiO2 is deposited on the top (Fig. 2g) to insure the good dielectric properties and 
chemical duration of the chip. Lastly, precise E-beam overlay process was used again to define the 
functional area of nanogaps, followed by RIE of the SiO2 layer and wet etching of the Al2O3 layer (Fig. 
2h). 
3. Characterization 
A SEM image of the nanogap array is shown in Figure 3. The cross marks were used for the double E-
beam overlay alignment processes during electrode exposure and functional area opening. The 
interconnection leads are made of a 100 nm platinum layer overlapping onto the nanogap electrodes. The 
inner image of figure 3 shows one nanogap structure with a passivation for experiments in fluid 
environment. The nanogap structures are passivated by two layers: Al2O3 and SiO2. ȝP-diameter disks 
were opened on the functional areas. 
The achieved gap width is determined by many elements: the design of the structure shape, the 
electron beam exposure dose and the overlay alignment procedure. For example, in our design, the shape 
of the electrode apex is a triangle with an angle of ș (figure 3). The apex of the triangle could be 
extremely sharp in the design. But due to the proximity effect of e-beam writing, the exposed pattern will 
never be exactly the same as what we designed: in proper dose, the exposed apex on PMMA always 
³VKULQNV´ D ELW from the designed apex, which makes the apex rounder and thus the gap width larger. 
After metal deposition and lift-off, this shrinking is more obvious because of the high surface mobility of 
metal atoms. For different apex angles, the differences between the design of the apex point and the 
obtained metal electrode is different. Figure 4 shows this relationship with different doses. With a bigger 
ș, the obtained structure is more close to the design. Thus with a proper dose and a well designed shape, 
20 nm nanogap (±10nm) could be achieved using overlay alignment in single writefileds. These 
measurements also highlight the high reproducibility of the E-beam exposure.  
Fig. 5. Cyclic voltammetry of the electrode pair has been 
performed in a 1M H2SO4 solution with a scanning rate of 
50mV/s. The leakage current is around 10 pA. 
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Fig. 4. Relationship between apex shinking distance and apex 
opening angle for different doses. 
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To evaluate the insulation behavior of the double layer SiO2/Al2O3 on the top, cyclic voltammetry 
(CV) of the electrode pair has been performed in a 1M H2SO4 solution in water at a scanning rate of 
50mV/s (Fig. 5). A platinum wire was dipped in the solution and used as the reference electrode. The 
sweeping voltage ranged from -800mV to +400mV. The leakage current is less than 15pA and is stable 
for at least 100 cycles, which prooves a good dielectric insulation and liquid passivation of the chip.  
4. Conclusion 
     In this paper, we presented the development of planar nanogap structures with Au and Pt metal 
electrodes. These hetero structures are difficult to be fabricated by other state of the art fabrication 
techniques such as mechanically break junctions (MBJ) or electro-migration methods. With E-beam 
overlay technique in a single writefield, 20 nm nanogap (±10 nm) can be achieved with a high 
reproducibility. The structure which we fabricated shows good chemical resistance and dielectric strength 
that are sufficient for most electrochemical experiments.  
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